UNITED STATES
NUCLEAR REGULATORY COMMISSION
WASHINGTON. D € 20866

July 8, 1991

Pocket No, £0.029

Mr, Frederick £, Latendorf
94 Erookside Averve, O, P,
Roston, Massachusetts 02130

Dear Mr, Latendorf:

1 am writing in response to your letter of June 20, 1991, in which you
expressed concerns about the Yankee Rowe reactor vessel and license renewa)
for the Yankee Rowe facility,

The U.S. Nuclear Regulatory Commission (NRC) staff has evaluated the Yankee
Rowe vesse) issues and has determined that the vesse)l condition continues to
provide adequate protection of the public health and safety. On August 31,
1990, the NRC staff issued a safety assessment of the Yankee Rowe reactor
vessel (copy enclosed) and coicluded that there was reasonable assurance that
the facility could be cperated for & ditiona) operating cycle, currently
expected to be completed in early 195., 1In determining to authorize operation
for the current cycle, the staff thoroughly considered the vi ws of Dr, Pryor
N, Randall, an NRC technical staff member who disagreed with the staff's
August 31, 1990, safet¥ assessment, Subsequently, the NRC's Advisory Committee
on Reactor Safequards 'ACRS) reviewed the Yankee Rowe reactor vessel issues,
including the views of Dr, Randall. The ACRS reported favorably regarding
operation of the facility for the additional operating cycle,

On June 4, 1991, the Union of Concerned Scientists (UCS) and the New England
Coalition on Nuclear Pollution (NECNP) petitioned the NRC, pursuant to the
rovisfons of Section 2,206 of Title 10 of the Code of Federal Regulations
?10 CFR 2,206), to immediately shut down Yankee Rowe, By letter of June 2%
1991 (copy encfosed) the Director of the Office of Nuclear Reactor Regu\at‘on
responded to the Pet‘tioners. stating that the NRC staff had found that the
Yankee Rowe reactor vessel does not pose an undue risk to the public health and
safety, Accordingly, the Director determined that Petitioners' concerns did
not warrant inmediate action to shut cown Yankee Rowe. Consistent with
10 CFR 2,206, the NRC will further address the specific issues raised by the
Petitioners and the staff is preparing the detailed response.

I want to emphasize that the Commission has made no decision regarding operation
of the Yankee Rowe facility after the completion of the current operating cycle.
The NRC staff will review the substantial technical data to be provided by the
licensee and will evaluate the results of inspections to be conducted during

the refue\ing outage before making a decisfon as to what actions will be

; necessary before allowing further operation, This decision will be totally

|

independent of any actions regarding license renewa)l for the Yankee Rowe facility.
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UNITED §TATES
: NUCLEAR REGULATORY COMMISSION
WASHINGTON, D €. 20008

AUG 3 ¢ 190
Docket No, 50-029

Dr. Andrew C. Kadak

President and Chief Operating Officer
Yankee Atomic Electric Company

€80 Main Street

Bolton, Massachusetts 01740.1298

Dear Or, Kadak:
SUBJECT: YANKEE ROWE REACTOR VESSEL

By letter of July §. 1990. you submitted for staff review the report, "Reactor
Pressure vesse! tvafuation Report for Yankee Nuclear Power Station.* This
report was in response to our letters of May 1, 7, and 18, 1990, Because of

our concerns regarding reactor vesse! integrity, we requested information

that was needed to assess the effect of vesse) operating temperatures, be'tling
material chemical composition and materfal survetllance test results. These
concerns can affect the conclusions of previous NRC reviess of vesse) integrity,
Those previous reviews considered postulated Low Temperature Over Pressurization
(LTOP) events, Pressurized Thermal Shock (PTS) events, and low frradiated

Charpy Upper Shelf Energy (USE).

In your July §, 1990, submittal, you stated that the RTNDT values for reactor
vessel plate and weld meta) for the years 1990 and 2000, are below the screening
criteria of 270°F and only slightly above the screening criteria for the year
2020, Additiona) information was provided to support your statements in
numerous communications which are listed as references in the attached NRC
safety assessment report.

The staff, in its review of your submittal, has concluded that there are sub-
stantial uncertainties associated with the weld chemistry and the effects of
coarse grain plate &1 on the shift {n the RTNDT reference temperature,
These uncorta1ntiosz:§§ii)rosu\t in reference temperatures significantly higher
than the screening eria specified in the regulations, However, staff
calculations recognizing these uncertainties coupled with estimates of the
11ke1{hood of the occurrence of PTS events, lead us to conclude that 1t 1s
acceptable to o’crato the Yankee Rowe plant unt{)! the end of fue! cycle 21
(approximately February 1992).

ATthough your July §, 1990 submitta) did not consider LTOP events, the staff
has evaluated this scenario based upon additfonal information provided by ‘our
staff, We consider that the systems and grocoduros implemented at Yankes Rowe,
along with estimates of vessel conditiona probability of fatlure provide
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sufficient assurance that the pr bability of an LTOP

4
vesse!l fallure f1s sufficiently w to permit
‘>v‘._‘Q‘

event leading to brittle
tinued operation for an ddditionra)

in your July §, 1590, submittal, you stated that after performing an additic
ANG 1yS15 using the ASME Section X! methodolc the USE calculated for the

QY
Tankee irradiited plate and weld are 35 ft.1d and 40 ft-1b respectively.

ne |l

Paragraph IV.A.1 of Appendix G, 10 CFR 0

states that reactor vesse! beltline
materials must have USE throughout the

11fe of the vessel of no less than

S0 ft.1b, unlest 1t 15 demonstrated in a manner approved by the Director,
0ffize of Nuclear Reactor Regulation, that lower values of Jpper shelf enerqy
will provice margins of safety against fracture equivalent to those required by
Appendix G of the ASME Code. According to staff calculations the USE for

the Yankee Rowe vessel could be as low as 25.5 ft-1b, Your USE analysis
Indicates that the reactor veste) with 35 ft.lb Charpy USE has marging of
safety against fracture, equivalent to those 1n Appendix G of the ASME Code
45 required by the regulations, The staff has reviewed your analysis and
considers that 1t s acceptable to operate the Yankee Rowe reactor vessel
until the end of fuel cycle 21 with 35 ft.1b Charpy USE,

Ouring a meeting on August 21, 1990 You agreed to provide us within 60 days of
the meeting date, 4 proposed plan to address the uncertainties noted herein,
The enclosed staff safety assessment sddresses these uncertainties 1n detat).
For Yankee Rowe to continue to operate beyond the next operating cycle, we
stress the need for you to reduce the uncertainties in the various elements
affecting reactor vesse! Integrity, Your plan should fnclude any dppropriate
procedural changes, technica! specification Cidnges, and sampiing and physical
tests to ascertain the chemical and physical properties of reactor vesse) lower

plates and welds. The staff concludes the following actions should be 1ncluded
in your plan:

Long Term Actions to be Completed Prior to Cycle 22 Startup

l. Develop inspection methods for the beltline welds and sach beltline
plate from the clad to 1 inch from the clad/steel interface to Cetermine
if the metal contains flaws.

Perform tests on typical Yankee Rowe base meta!l (0.19-0.20! Cu) %o

determine the effect of irradiation (f = 1.SE19 n/cm ), austentizing
temperature (1650°F-1800°F) and nicke) composition (0,18-0.70 percent)
on embrittiement at S00°F and S50°F frradiation temperatures.,

3. Determine compositfon of the circumferentia) weld metal 1n beltline by
removing samples from the weld,

In addition, prior to Cycle 22 startup, you should inscall surveillance capsules
in accelerated frradiation positions, The capsules are t2 include materials
representing the beltiine cirqumferentia) wold meta) and upper and Towar plates,
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in aadition, you also agreed %o the following:

;;;gnco calculations prepared by Westinghouse will be provided by October |,

2. PResults of peer e aivation of Yankee's July 5, 1990, submitta) will be
provided within three months, . *

The results of the staff's review of your July §, 1950, submitta) are included
in the enclosed safety assessment.

Sincerely,

Thomas €. Murley, Director %i:55>

Office of Nuclear Reactor Regulation

Enclosure:
As stated

cC: See attached
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ENCLOSURE

SAFETY ASSESSMENT OF YANKEE ROWE VESSEL

I. INTROPHETTON

In a lettrr gated J.ly 5, 1990 from John D. Haseltine, the Yankee Atomic
Elect. ic Compan, /*ne licensee) submitted for staff review a report entitled,
"Reactor Pr. sure Vessel Evaluation Report for Yankee Nuclear Power Station.*
The repurc was in response to NRC letters dated May 1, 7, and 15, 1990. The
staff 1.tter, reuested additional information, which was necded to assess the
effecy o7 sessel operating temperatures, beltline materia) chemical compositioh,
ard r teriz | surveillance test resylts on the Integrity of the Yankee Rowe
reac. = vessel. These concerns have potential impact on prior NRC reviews of
vessel iny ,rity resulting from low irradiated Charpy Urpe: Shelf Energy (USE)
and vessel integrity during postulated Pressurized Therme! Shock (PTS) and Low
Temperature Overpressurization Events (LTOP) events.

The Ticensee's justification for operation of Yankee Rowe is that there {s
adequate assurance that risk of vesse! brittle failure 1s very Tow. This
conclusion depends upon two factors: (1) the frequency of challenges to the
vessel, and (2) the probability of vessel failure given 2 challenge event
(conditional vessel failure probability). Brittle failure challenge events
fall into 2 general categorfes: (1) pressurized thermal shock (PTS) events,
and (2) low temperature overpressurization (LTOP) events. For both categories
the licensee has estimatad 2 very low probability that a vesse! failure will
occur. The frequency of challenge and probability of vessel failure for PTS
and LTOP events are discussed in Section I1 and Section III respectively,
Additional information to support the licensee's conclusion was submitted in
References 12 through 23,

Ilﬁﬂ‘iﬂi-ﬁﬂhuU-N*¢““””"""-‘



I1. PRESSURIZED THERMAL SHOCK (PTS) EVALUATION

IT.1 Systems Evaloation of PTS Limiting Events

For PTS events the licensee has indicated that risk contributors can be divided
into 3 groups: (1) steam line breaks, (2) smal) break LOCAs, and (3)
transients. For each PTS group the event resulting in the most limiting
temperaiure and pressure conditfons (from a vessel failure perspective) is
considered to be representative for the group. The frequency for a group fs
the sum of the frequencies for each event in the group.

For PTS the staff's review focused on the following considerations: (1)
completeness of the events considered; (2) the adequacy of the thermal
hydraulic analyses; (3) adequacy of the event frequency estimates including
human srror contributions; and (4) adequacy or the limiting events selected.-

[1.1.1 Completeness of PTS Events Considered

In its PRA submittal on PTS for Yankee Rowe, the licensee performed a
systematic evaluation of fnitiating events (IEs) that could lead to primary
system overcooling coupled with primary system repressurization. These lEs
were grouped into four major categories. Categery ! s main coolant system
(MCS) induced events. This category of events inciudes MCS - initiated coole
down events, depressurization events, and injection events, with both the MCS
intact and faulted. Category Il is secondary iystem f-duced events. This
category fincludes events initfated due to steam removal, Teedwater flow, steam
generator blowdown, and steam/feedwater flow control abnormalities. Category
111 1s general transients which do not directly result in initial MCS cooldown
and are not related to support systems but, {f followed by other system
fatlures could result in cooldown events. Category IV {s events not
necessarily resulting in initfal MCS cooldown but fnvolving support systems
which have the potential to impact other frontline systems which could cause
MCS cooldown, The licensee also reviewed the PTS evaluations for H. B.
Robinson and Calvert C1iffs performed by Oak Ridge National Laboratories to



dssure that the Yankee Rowe evaluation took into account sequences found to be

significant contributors to thermal shock at these plants. The licensee

examined the operating experience at Yankee Rowe including all the trip logs)
4n Overcooling event at Rowe. The
plant design and the Yankee Rowe Probabilistic

and concluded that there has never been

fd‘t!y Study were 1{kewise
reviewed to identify any plant

nie ~ 1 - -
o ¢ unique cooldown seauences.

' -~ v 1 Y$p
1.1.2 Thermal-Hydrau!ic Ana

%

lyses for Transients Affecting PTS

Based on system and thermal-hydraulic considerations, each of the inftfating

events were evaluated and the initiators relevant to PTS CONcerns were
Event tree sequences were then developed for each event associateo

with the re.evant initfators concerning PTS,

identified.

Support systems were treated in a

separate auxiliary tree. Quantification of event sequences and endstates was

performed based on the system models, dependencies, and human actions.

A-a
10 "/reactor year were selected for

potential further therms!l.-Aydraulic and fracture mechanics analysis,

Endstates with frequenci:s higher than

Based on
ar plant thermal-hydraulic behavior, this process

]

frouping sequerces with simtl
resulted in the Yical set of initiating events being grouped into three

categories wit~ tour cor-esponding event trees: steam line breaks upstream or
downstream of non-return valves, small break LOCAs, and transients.

For each of the above identified four event trees, thermal-hydraulic analyses
were performed to model the spectrum of overcooling events. The transient
downcomer temperature and MCS pressure were calculated and bounding cases
affecting PTS concerns were identified.

The licensee used the CEPAC computer code to perform scoping calculations for
the events of concern to predict limiting cooldown transients at Yankee Rowe.
Basi 4 upon pressure and tempearature response a small break LOCA of 1 5/16
inches at the reactor coolant pump suctio: and three cases of main steamline
break were found as the limiting transients relative to PTS concerns. These
limiting transients were analyzed in greater detai) using the RETRAN computer
code, the combination of RETRAN and EPRI models, or the combination of RETRAN




and REMIX codes. The RETRAN computer code is desfgned to analyze the response
of plant systems during both normal and transient conditions, The licensee's
capability of using RETRAN for main steam line break andlyses was reviewed and
approved by the staff in 1983, The licensee asserted that the CEPAC co¢
similar but simpler than the RETRAN code. The CEPAC code has not been reviewed
by the sturf, However, the Timiting transients resyults were not Dased wpon
CEPAC calculations. The EPRI mode! has been used for the non-stagnant flow
conditions fn the Calvert C1iffs PTS analysis. The REMIX code was used for the
SBLOCA case without offsite power available, where flow stagnation occurred,
The staff has evaluated the adequacy of the licensee's use of REMIX for the
Yankee Rowe plant SBLOCA case. we feel that sufficient conservatism exists in
this analysis, There are other conrservative assumptions considered in the
SBLOCA analysis such as early stagnation in the downcomer area, low decay heat,
coincident loss of offsite power and an assumption that all three triins of
safety injection are injecting water to the MCS. The first three of these
assumptions result in minimal mixing of the cold SI water with the hot primary
system water. The fourth assumption maximizes the amount of cold water added
to the primary system. The result fs a conservative (colder) downcomer water
temperature. In the main steam line break cases, there are conservative
assumptions applied such as zero power at event initiation, low decay heat, dry
steam to the break, coincident loss of offsite power, non-return valve fatlure,
etc. As in the SBLOCA cases these assumptions minimize mixing in the primary
system and maximize primary system cooldown. The following design features
were found to be significant in the analyses:

¢ The charging pumps trip on a safety injection signal. This feature helps
assure that the maximum repressurization achievable during a LOCA or
transfent that may inftiate safety injection is limited to the shutoff
head of the safety injection system (1550 psig).

’ The safety injection pumps have relatively low capacity and a shutoff
head of 1550 psig when HPSI and LPS1 are aligned in series. When not
aligned in series the shutoff head is limited to 800 psig.

.



There s only one pressurizer PORY. This reduces the probability of a

stuck open PORY (relative to two PORYVs) "n“'_‘a")r.g 3 cooldown event.

There 1s cn?y one turbine bypass vﬂ‘v'e, and 1t has low capacity This
limits the rate of potentia) cooldown (if the valve fails open)

The emergency atmospheric steam dump valves have low capacity. This

1imits the rate of cooldown should the valves fai) open,

The condensate pumps trip following a steam break in the vapor containment.

-

-5 Ca

Emergency feedwater pumps must be manually starte

The Emergency Operating Procedures direct the operator, in response to

imminent PTS conditions, to stop safety injection pumps and low pressure

safety injection pumps {f there is sufficient subcooling and pressurizer.
level,

Although the plant has primary system loop isolation valves, emergency
operating procedures only require their operation during a steam generator
tube rupture in order to isolate the faulted generator. For other LOCAs
inside the vapor containment, the operators are instructed to not 1solate
the break Tocation. Isolation of a break could result in significant
repressurization,

The feedwater pumps trip on reactor scram or low suction pressure, Ahove
15 percent power, operators are instructed to isolate feedwatar flow by
closure of the feedwater regulating valves and the feedwater motor-
operated isolation valves. These measures limit the chance and severity
of an overcooling event caused by overfeed of the steam generators.

Yankee Rowe 13 also unique in the large number of ways in which water can be
supplied to the steam generators. Among these multiple paths, all flow sourcas
however, are dwarfed in volume by the boiler feedwater pumps. The feedwater

L




control system has independent controls for each steam generator syuch that a
single failure in the control system would not result in overfeeding more than
one steam generator, [f another system should begin to supply additiona) water
to the steam generators (e.g., the charging system), the feedwater contro)
system would cut back on the flow from the boiler feedwater pumps to maintain
steam generator level. In view of these plant specific features and the
modelling assumptions used by the licensee, the staff considers that thi
thermal-hydraulic analyses are conservative dnd reasonable. We note that the
results are also concistent with other similar analyses such as the Robinson
and Calvert Cliffs PTS studies.

I1.1.3 Freguency of Cooldown Events Threatening the Vesse!

Yankee Atomic has estimated that the frequency of sequences that woyld
significantly challenge the integrity of the reactor vesss] due to pressurized’
thermal shock to be about § E-4 per reactor year. Small break LOCAs result in
the most limiting thermal hydraulic conditions of any of the sequences
analyzed. Yankee Atomic estimated this frequency by partitioning the WASK-1400
small break LOCA frequency (for break sizes between 0.5 and 2 inches) based on
the number of pipe segments inside the vapor containment that were between |
and 2 inches fn interior diameter (1.0.). The limiting sequence (combination
of frequency and thermal hydraulic conditions) was estimated by Yankee to be @
LOCA 2bout 1 5/16 inches 1.D. where the estimated minimum downcomer temperature
was 151°F and the maximum RCS pressure after cooldown was €70 psi. This
analysis did not, however, take into account the possibility of the operator
violating his Emergency Operating Procedures and ittempting to fsolate the
break. Such action could lead to an RCS maximum pressure equal to the shutoff
head of the safety injection pumps. At the staff's request Yankes Atomic
performed an ama.;sis of such a sequence. The licensee concludec that 1t was
not a significant event because of the small amount of small bors piping which
is isolable, the frequency of & small break in any location, and the operatoer
training and procedures which direct operators not to isolate breaks inside
the vapor containment,



The staff has reviewed the lfcensee's event frequency estimates in considera.

tion of the plant specific features of Yankee Rowe. The 1imiting event

frequencies are reasorably consistent with vali 's used in other studies. The

treatment of human error in the Yankee Rowe PTS PRA ¢ Judged to be conservae

tive or non«conservative Ze:e.ﬂc"g on the t‘.!?“?‘g :," tha grror. 'he pYS !"TT&]
hydraulic analyses indicate that small break LOCAe

o f

e worst ~ombination
low primary system temperature, high primary i) re, and high

cooldown rate. The staff believes thit the te of 5x10°" oer

reactor year as the frequency of a small break LG yistent with the
-3

frequency of 1x10 ° per reactor ye typically 2d in RAs.

PTS Limiting Events

The licensee performed a systematic review of the Yankee Rowe features in order

-

to identify potential cvercooling sequences. The licensee then grouped the

possible events on the basis of similarity in thermal hydraulic (TH) response:

For each group a Timiting event was determined based upon consideration of

event frequency and the severity of pressure temperature conditions (relative
to vessel failure) resulting from the event. The staff concluded the events
considered are reasonably comprehensive, the thermal hyd=aulfc analyses,
methods, assumptions and results are reasonable. With regard to the frequency
estimates, the most important considerations are the insensitivity to human
error and the relative frequency values. The systems failure estimates used
are considered to be reasonable because they are consistent with state-of-
the-art PRA applications. The event frequencies were also found to be
relatively insensitive to human error since the limiting events would not
change significantly even {f the human error probabiiity (at times greater than
1 hour) changed by a factor of 100. Therefore, based on these systems, thermal
hydraulic, and event frequency studfes, the staff concludes that there is

reasonable assurance that the limiting events have been properly identified.




I1.2 PTS Materfals Evaluation

11:8.% Background-

The Pressurized Thermal Shock (PTS) rule, 10 CFR 50.61, adopted on July 23,
1985, establishes a screening criterion that 1s a limiting level of embrittle.
ment beyond which operation cannot continue without further plant-specific
evaluation. The screening criterion is given in terms of "TNDT' calculated as
a function of the beltline material chemica) composition (copper and nicke)
contents) and the neutron fluence according to the procedure given in the PTS
rule, and called RTpyg to distinguish it from other procedures for calculating
RTMDT . The greater the amounts of copper, nicke! and neutron fluence the
higher the RTNOT for the material and the lower its fracture resistance., The
screening criterion is 270°F for plates and axial welds and 300°F for the
circumferential weld. The rule does not consider the effect of vessel
operating temperature and material surveillance test results on the calculated
RTPTS' The rule is currently being amended to calculate the RTPTS using the
trend curves in Regulatory Guide (RG) 1.99, Rev. 2.

The licensee, in response to our concerns about embrittlement; provided the
following significant information:

1. The reported copper and nickei contents of the wold metal are now assumed
to be higher, because the actual values are unknown, and the 1icensee
elected to report measurements made for a “sister® vessel, the Belgian
BR-3 reactor, instead of previously-reported measurements for & weld in
the upper head of the Yankee Rowe vessel.

2. The nominal operating temperature is 500°F, whereas the data base for
R.G. 1.99, Rev. 2 and the PTS rule is from reactors that operate at a
nominal temperature of 550°F. (Lower irradfation temperature increases

RTyore )

3. The surveillance data from the Yankee Rowe vessel, all of which date from
the late 1960's, show high sensitivity to neutron embrittlement, even



considering the effect of the lower irradiation temperature, These data

were known to the AEC but wers discounted because the operating tempera-

ture in the first few fuel cycles was known to be low (S00°F), and there

low operating temperature of several
onths curation at the end of the fuel cycles.

were coast down periods involving

11.2.2 Evaluation of Material Properties

The beltiine in the Yankee Rowe reactor vesse) consists of an upper plate, a
lower plate, two axially oriented welds and one circumferentially oriented
weld, The only surveillance data from these materfals is from the YNPS
beltline upper plate. The chemical composition and heat numbers for the upper
and lower plates are known, The chemical composition and heat numbers for the
axfal and circumferential welds are unknown. Efghty-five percent of the

accumylated frradiation occurred at a cold leg temperature between 500°F and

520°F. The remaining fifteen percent of the accumulated irradiation occurred
at cold leg temperatures less than 500°F.

The staff's estimate and licensee's estimate of the mean value reference
temperature in 1990 for each Yankee Rowe belitline materfal at its peak neutronm
flux Tocation are tabulated in Table I. The mean value reference temperature
{s the sum of the unirradiated reference temperature and the increase i
reference temperature resulting from neutron irradiation at an irradiation
tesperature of S00°F. The staff';: estimate of the increase in reference
Lipersture was estimated for the peak neutron fluence in 1990 at the inside
rface of the reactor vessei. The peak neutron fluence is 2.3 x 1019 n/cmd
faor the upper shell plate, 2.05 x 1019 n/cm? for the lower shell plate and
circunferential welds, and .38 x 1019 n/emd for the axifal welds, The neutron
f.uences were calculated by the licensee using a methodology documented in
letters from G. Papanic, Jr. dated January 22, 1986, October 28, 1986 and
February 4, 1587. The staff review of the licensee neutron fluence calculation
methodology s documented in a Tetter to the licensee datad March 10, 1987,
The licensee is currently recalcu . ting these fluences. The results of this

analysis will not be available before October, 1990.

.




11.2.2.1 Upper Plate

m—

The licensee's estimate of the increase in referenc
see ate of the Crease 'n reference temperature for the upper

plate was derived from Yankee Rowe and BR.3 survetllance data, but did not
correct the BR-J data (irradiation temperature 525-540°F) to account for the
lower irradiation temperature (500°F) of the Yankee Rewe reactor vessel. 1In
addition, the licensee doubled the neutron fluence values reported for the
Yankee Rowe surveillance data. The licensee did not include the effect of
iower frradfation temperature in i*s analysis because they claim that the

coarse grain size of the upper plate surveillance material eliminates the

effect of irradiation temperature., The licensee's coarse grain theory {s

based on an argument that frradiation-induced defects in a coarse grain
structure are more stable than irradiaticn-induced defects in fine grain
structures., Since the frradfation-induced defects are more stable in the
coarse grain structure, the licensee concludes that the lower frradiation
temperature of 1ts reactor vesse)l will not affect the BR-3 data. Because of
very limited surveillance data applicable to the Yankes vessel, the staff does
not consider that the licensee has yet substantiated this theory.

A literature survey performed by the staff revealed three reports which
indicate irradiation temperature has an effect on neutron irradiation
embrittiement, In Reference 1 (Stallman, ORNL), {rradfation temperature was
found to increase transition temperature by 0.5 to 1.5 degree per degree
decrease in irradiation temperature from S50°F, for a heat of A 533.B plate
(the 02 plate from the ORNL HSST program). Odette (Ref. 2) has similarly found
2 factor of 1 degree per degree using a large data base of surveillance data.
in addition, Lowe (Ref. 3) has found about 0.7 degree per degree change in
{rradiation temperature, for Linde 80 welds. Ovurall, these factors are
probably dependent on the composition, processing history, etc. of the steel.

Although, References 1 and 2 do not specifically address coarse grain
structures, the staff included the irradiaticn temperature effect in its
evaluation because the Ticensse has not presented any Charpy data that shows
the reference temperature for fts plate materia) does not increase with a




i1

decrease in irradiation temperature, The staff estimate of the reference
temperature includes a correction for trradiation temperature and s based on
the analysis performed by Odette (Ref. 4),

11.2.2.2 Lower Plate

The licensee's estimate of the increase in reference temperature for tht'lowor
plate was derived from Yankee Rowe and BR-3 surveillance data, but was not
corrected for ‘ower irradiation temperature or the increase in the amount of
nickel in the lower plate compared to the amount in the surveillance plate,
The Tower plate has 0.63 percent nicke) and the surveillance plate has 0.18
percent nickel. The licensee believes no correction s necessary because of
the postulation that the coarse grain of the plate eliminates the nickel and
irradfation temperature effects.

To support the conciusior that the nickel effect may be eliminated for
coarse-grain structura]l material, the licensee reports the conclusions of 2
Marfcchiols (Ref. §) study. In this study, "Nicke) was reported to reduce

the damage introduced by neu*ron irradiation up to a content of about 1.0
percent.” This study appears to contradict the results from a statistical
analysis of commercial US reactor surveillance data. The results of the
statistical analysis of base metal surveillance data is reported Table 2 of RG
1.99, Rev.2, which 1s contained here as Table 2. This Table indicates that for a
particular amount of copper, nicke) increases the chemistry factor, which results
in an increase in the materfal's reference temperature (damage), not a decrease
as reported in the Marfcchiols study. Since the statistical analysis performed
to derive the chemistry factor in the tables in RG 1.99, Rev. 2 indicates that
there is a nickel effect and the 1icensee has not provided any data from coarss
grain structure materfal that shows there is no nickel effect, the staff
concludes there is a nickel effect.

The staff estimates that an increase in nickel from .18 percent to .63 percent
»* 500°F frradfation temperature results in an 80°F increase in the reference
temperature. This vaiue s based on analysis by Odette (Ref. 4). The staff



considers that it is important in order to determine whether longer term
operation should be authorized to cetermine the effect of coarse grain for

operating temperatire and metal chemistry representative of the Yankee Rowe
vessel,

11.2.2.3 Circumferential and Axial Welds

The circumferential weld is one of the critica) materials, The axfa) welds

are not because they are exposed to only one-sixth of the peak f)
their azimuthal location relative to the core.

uence due to

The licensee estimated the increase in reference temperature for the
circumferential welds using the methodology recommended in RG 1.99, Rev. 2 and
3 correction factor for {rradiation temperature. As discussed previously,

the chemical composition of the Yankee Rowe beltline welds is not known. The
1icensee used the chemical ccmposition of a BR-3 weld to estimate the increase
in reference temperature resulting from neutron irradiation. The licensee
believes that the amounts of copper (.183 percent) and nickel (.70 percent),
reported for the BR-3 weld may be used as estimates for their welds because
the BR-3 weld and Yankee Rowe beltline welds were fabricated by the same
vendor Babcock Wilcox, using the same process (submerged arc) and the same
procedures (copper-plated filler wire with Linde 80 flux). However, this
conclusion is not supported by industrial experience. The BAN Owner: Group
(Ref. 6) evaluated the weld chemistry of Babcock & Wilcox fabricated Linde 80
welids. The reports indicates that the total copper concentration in the weld
metal results from a combination of the amount of copper plating and the base
filler wire alloy concentration, However, the principle source of copper in
the as deposited weld metal 1s the amount of copper plate. Reference 6
indicates the amount of copper varies from heat of wire to heat of wire.

Unti] the licensee determines the chemical composition of the circumferential
and axfal welds, the amount of copper in the welds should be considered unknown
and bounding values of copper should be used to estimate the effect of neutron
frradfation on the weld metal's refcrence tempersture.
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The staff used two bases for estimating RTNDY for the circumferential weld,
One method uses & set f data compiled by Odette (Ref. 4) for 500°F frradia-
tion, which yields-« 370°F value for RT~°T. The other method uses RG 1.99,
Rev. 2 methodology, bounding values for copper anc nickel, 0.3 percent ang
0.70 percent respectively, and S0°F for the irradiation temperatyre effect,
This ylelds a value of 330°F for RTNDY' Figure 1 (Figure 4 from Reference

1) reports ihe increase in reference temperature for weld metals and base
metals (plates) at irradiation temperature of S00°F. The dashed line has been
added to represent the increase in reference temperature ur the circumferentia)
weld using the RG 7,99, Rev, 2 bounding method with 50°F correction for the
irradfation temps -ature effect. Since this curve bounds all the existing weld
data in the Ode*te report, this method has been used to estimate values of

of reference temperatures for the circumferential and axial weld metal where
the amourt of copper 1s unknown and the weld metal is subject to SO0°F
frradiaiion temperature.
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The predicted value of the reference temperatures in 1990 for the circum-
ferential weld and longitudinal welds are 330°F and 226°F, respectively,
These values are for high copper welds. [f the chemical analyses of these
welds indicates that the amounts of copper are significantly less than 0.3§
percent copper and 0.70 percent nickel, the reference temperatures will be
significantly reduced. For example, if the circumferential weld had 0.20
percent copper and 0.70 percent nicke), the reference temperature would be
262°F (212°F from RG 1.99, Rev, 2 and S0°F for irradfation temperature effect).
Thus, the staff considers that it is important in order to determine whether
longer term operation should be authorized to determine the dctual chemical
composition of the circumferential weld.

11.2.3 Summary

The level of uncertainty is higher for the estimates of R‘rmT values for Yankee
Rowe than has been encoun ered for other reactor vessels. Therefore, con-
sidering the uncertainty in weld chemistry and the effects of coarse grain, the
staff believes che 'TNDT for bath the lower plate and the circumferential weld
should be assumed to be 350°F & SO°F.
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I1.2.4 Probabilfiscic Fracture Mechanics

Although the Yankeé Rowe reactor vesse) beltline has not recrived any fnservice
volumetric inspection, other areas of the reactor vesse! have been inspected,
These inspections report that the welds do not contain any flaws exceeding the
acceptance limits defined by 10 CFR $0.55a and ASME Code Section XI. .

In developing the PTS ryule, the staff used a "Marshall® distribution (Ref. 7)
of flaws., The "Marshall* distribution, which was developed in the mid-
seventies, characterized defects in a vesse! entering service, including
defects considered acceptable according to fabrication codes and undetected
during inspection,

The Yankee Rowe reactor vessel beltline was fabriacted using methods and
materfals similar to other commercially operated reactor vessels except that
the clad in the Yankes Rowe reactor vessel ie spot-welded and the clad in al):
other commercially operated reactor vessels s fusion welded. Hence, except
for the effect of spot welding, the distribution of flaws in the Yankee Rowe
reactor vessel should be similar to the distribution in other commerically
operated reactor vessels,

Ouring the Summer 1990 refueling outage, the licensee ultrasonically examined
the reactor pressure vessel closure head and upper regions of the pressurizer,
which contained spot-welded clad similar to the clad in the reactor vessel
beitline. The staff inspector (Ref. 8) concurred with the licensee's evalua-
tion of the ultrasonic data that there was no extension of previously observed
cladding cracks into the base metal. This inspection supports the conclusion
that postulated cracks fn the spot weld in the “ctor vesse! beltline cladding
would not progress into the base metal due to tne operation of the reactor
vessel and the "Marshall®" distribution appears to be applicable for the Yankee
Rowe reactor vessel beltline. However, until the licensee performs an
fnservice inspection of the beltline materials, the conditional failure prob-
ability should be increased to account for the uncertainty in service-induced
flaws., -
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To assess the effect of cracks on the probability of failyre given the
occurrence of & transient event, the licensee utilized probabilfstic fracture
mechanics analysis: The staff guidance for estimating the conditional
probability of reactor vessel failure is provided in Regulatory Guide 1,154,

Thermal and stress analyses for the vesse! wall have to be performed. [nput
for this analysis includes the primary system pressure, the temperature of the
coolant in the reactor vesse) downcomer, the flufd-fiim heat transfer
coefficient adjacent to the vessel wall, all as a function of time, and the
vessel properties, Probability density distribution functions for flaw size,
crack initiation fracture toughness, crack arrest fracture toughness, and
either the vessel materials nil-cuctility reference temperature, or the vesse!
materials copper and nickel contents, and fast neutron fluence have to be
developed. For each transient of interest, many deterministic fracturs
mechanics analyses have to be performed to determine the number of times the - .
crack penetrates through the vesse! wall per 100,000 runs (for example) as a .
result of the stress level, flaw size, toughness and other varfables selected
for each run., The calculations are performed with a probabilistic fracture
mechanics computer code based on the Monte Carlo simulation technique,

The licensee has performed a probabilistic fracture mechanics analyses for
several transients. For example, the licensee performed a sensitivity study
that predicts conditional probability of reactor pressure vessel failure s
approximately 10'3 given the occurrence of a 1.3 inch-diameter small break
LOCA event, which they belfeve is the controlling event, and for the reference
temperatures reported in Table 3. The reference temperatures used by the
Ticensee are similar to the values estimated by the staff except for the lower
plate. The conditfonal failure probability for a small break LOCA event for
the lower plate with a reference temperature of 325°F {s less that 10'5. This
plate has a low conditional failure probability at these high reference tes-
peratures because only a small portion of the plate is in the beltline region,
Considering the results from the 325°F reference temperature enalysis, a mean
value of 355°F should not significantly change the conditional failures
probability.
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when evaluating the resyults of the licensees sensitivity study one must con.
sider the assumptions used in the analysis, The licensee dssumed a “"Marshal)®
distribution of flaws and that cracks would arrest according to the average
crack arrest data (Ref. 9). The flaw density distridution function used by the
licensee may not be representative of the Yankee Rowe reactor vessel because of
1ts unique spot cladding on the inside surface of the reactor vessel, It also
appears that the licensee's aralysis may not have adequately accounted for the
low upper-sheif energy of the vessel material which affects the "arrest® of
initiated cracks. Given these apparent deficiencies and others that have been
noted to date, the staff does not accept the Ticensee's estimate of the condi.
tional failure probability of the reactor pressure vessel, The staff and its
contractor are continuing a detailed review of the licensee's analysis, The
review of this anralysis should be completed by the end of October 1950, The
results of this review will be important in cetermining future action {n .
connection with this license. In view of these uncertainties the staff {s
unwilling to accept the licersee estimate of conditional vessel failure prob..
ability of lxlo'3 given a specific size smal) break LOCA. In the meantime the
staff judges it would be prudent to assume the conditional probability of
reactor pressure vessel's failure to be in the range of lo'1 to 10'2 .

11.2.5 PTS Conclusions

As discussed above, the staff concludes that there are substantia) uncertaine
ties associated with weld chemistry and the effects of coarse grain plate
materfal on the shift in reference temperature. These unccrtunu
result in reference temperatures significantly higher than the screening
criterfa specified fn the regulations. Recognizing these uncertainties, the
staff concluded that a more conservative range of conditional failure prob-
ability (by a factor of 10 to 100 relative to the licensee's estimate) was
appropriate. This range when coupled with estimates of 1ikelihood of the
occurrence of PTS events and consideration of the plant specific features at
Yankee Rowe important to such events, leads the staff to conclude that opera-
tion until the end of fuel Cycle 21 1s acceptable from PTS considerations.
However, additional information to resolve these concerns is needed to
determine whether to authorize longer term operation,
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IT1. LOW TEMPERATURE OVERPRESSURIZATION (LTOP)

IT1.1 Systems Evaluation

In agdition to the PTS events described above, another class of transfents
that could fnduce fracture in a brittle reactor vessel beltline are low tem-
perature overpressure (LTOP) events, These events could occur during plant
heatup when pumps are being started and there are possibilities for the mis-
alignment of valves and controls following maintenance operations, The
occurrence of such events has led to requirements comprising a low setpoint
relief valve and control circuitry as descridbed in NUREG/CR-5106, (Ref, 10).

For LTOP considerations analyses are divided into two general categories: (1)
mass (water) addition events and (2) energy addfition events. In its July §,
1990 submittal the licensee presented analyses of such events for the Yankee
Rowe plant. The analyses were based upon industry wide historical data on LTOP
events from 1980-1986 adjusted by consideration of Yankee Rowe specific
features. The licensee concluded that the 1ikelihood of vessel challenges from
LTOP events was very low,

The staff review in this area emphasized the applicability of historical data
to Yankee, impact of Yankee specific LTOP system features; and administrative
centrols used to minimize human errors.

I11.2 LTOP Event Freguency

For LTOP analyses the licensee used the method and data descrided in NUREG/
CR-5186 (Ref. 10). Features important for Yankee relative to the generic data

base are:

Feature A: The RHR (Shutdown Cooling System) at YNPS {s a dedicated system
which is different from most plants. The system {s connected to the Main
Coolant system through dual fsolation valves. The suctiom to the Shutdows
Cooling pump is from the #4 cold Teg loop. There are two pumps and heat
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exchangers for redundancy. There 1s also a relief valve on both the suct'on
and return 1ines for overpressure protection.

Feature B: The PORY (1in the low setpoint condition) and the shutdown cooling
relief valves are required to be operable by Technical Specifications whenever
the plant s in the Modes 4 and 3 and the system temperature is less thi%
300°F. The shutdown cooling relief valves are tested when the plant s
operating in Mode | and the shutdown cooling system is required to be fsolated,
The PORV fs tested when the plant is fn Mode 6 with the reactor head removed,

Feature C:  Plant procedures require that power be removed by locking out the
breakers for the Main Coolant pumps and the Safety Injection pumps prior to
being in a water solid condition. Power is removed from SI pumps below 200°F.
Feature D:  The safety relief valves of the shutdown cooling system cannot b;'
automatically isolated once the system fs placed inte operation beciuse the
system fsolation valves do not have any automatic fsolation capability,

Feature E: During water solid condition operations, a dedicated operator is
stationed to prevent or terminate any pressure excursion.

Ouring operation below 300°F, 2 shutdown cooling relfef valves and 1 PORY are
available to mitigate LTOP events. In this temperature range, and with no
credit for human intervention during an event, the licensee estimate of vessel
challenge event frequency (event: where mitigation systems fail) is c.sno's
per reactor year. NUREG-5186 reports a frequency of 3.5110'3 per reactor year
using generic data. The difference fs attributable to 2 factors: (1) the
avatlability of an additfonal relfef path at Yankee relitive to generic data
assumptions; and (2) a power lockout requirement for MCP and §I pumps at Rowe
which precludes energy addition events such as were reported in the generic
data base.

The staff judges that the specific features of Yankee Rowe would reduce the
11kelthood of the vessel challenges from LTOP events in the operating range
when the PURY 1s reset to the lower setpoint and the SDC system SRVs are
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available. An event frequency of 1:10" per reactor year was therefore chosen
45 & conservative screening value to assess the importance of LTOP events in
this temperature range relative to PTS events.

Between J00°F and 330°F the SDC system is isolated, and above 380°F and 450
psig the PORV is reset to 2500 psig. For all temperatures greater than 180°F a
pressurizer bubble 1s required. In the range of 300°F to 450°F a ccdic;ted
operator is required whose only responsibility s LTOP protection (by
maintaining a 400 psi margin to the Appendix G curve). Power is 4150 removed
from 2 of 3 safety injection pumps at these conditions and all SI pump switches
must be in pull to Tock, Inadvertent SI (which could cause & maximum pressure
of 1550 psig) would therefore require a spurious §I signal plus fatlure to have
the ST pumps in pull to lock. In addition, the auto safety injectfon signal is
blocked unti] 1800 psig. The licensee concluded that the most probable LTOP
challenge in this range (T greater than 300°F) is a charging/letdown mismatch,
A charging/letdown mismatch involving all 3 pumps could allow 100 gpm injec- .
tion. This rate would allow 10 minutes for operator action to preclude viola-
tion of the Appendix G curve fn the event of a PORY faflure to open, However,
even without credit for operator action, the licensee's frequency estimate for
an event that would challenge the vesse) is about 1:10's per reactor year,

This estimate assumes a PORV failure rate of about 103'l per demand, & mismatch
frequency of 10'2 per reactor year, and the fraction of time the plant would be
operating in the temperzture range per year (6 hours {n 600 shutdown hours) or
107 per reactor year,

In view of the 1fcensee's analysis and the historical data regarding challenges
to systems with a pre-s.rizer bubble and PORY (zero events), the staff
considers that the screening value of ulo'3 per reactor year discussed above
for LTOP below 300°F 1s also conservative in the temperature range above 300°F,

Above 380°F and 450 psig the PORY fs reset to 2500 psig. However in this
range the vessel temperature 1% high enough that brittle fracture s of

negligible concern,



) Materfals Evaluation

The licenses d1d not discuss materials dspects of LTOP events in their reports
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IV, UPPER-SHELF ENCRGY EVALUATION

V.1 Background

Reactor vesse! beltline materials are required by Appendix G to 10 CFR Part §0
to have adequate fracture toughness. Specifically, beltline materials are
required to have Charpy upper-shelf energy (USE) no less than 50 ft/1b
throughout the 1ife of the vessel. Otherwise, an analysis, approved by the
staff, to demonstrate the existence of marg.ns of safety against fracture
equivalent to those of Appendix 6 of the ASME Code 1s required,

IVv.2 Upper-Shelf Energy Events - Materia) Evaluation

In a letter dated May 1, 1990, the staff informed the licensee of the results
of analyses that indicate that the USE for the Yankee Rowe vessel could be as
Tow as 35.5 ft/1b. The staff specified the regulatory requirements that had to
be met for vessels with USE below 50 ft/1b and provided the USE evaluation
criteria based on current devoiqpncnts of the ASME Code. At present, these
criteria have only been developed for ASME Code Service Levels A and 8, e.9.,
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Normal and Upset loading conditions. The staff belfeves that Service Level ¢
and D, f.e., Emergency and Faulted conditions, criteria are unnecessary
because, except for PTS and ATWS transients, Service Level C and D loads do not
exceed Tevel A and B loads. PTS events are discussed above. With regard to
ATWS, the staff reviewed results of ATwS analyses which the licensee has
submitted in 1974, The peak pressure estimated for a loss of feedwater ATWS
was estimated to be 2820 psig. Since the licensee's Charpy USE analysis

assL™" ' an RCS pressure of 3437 psig the staff concludes that ATWS events are
reasonably bounced by the licensees USE dnalyses,

The licensee performed an USE analysis for Normal and Upset loading conditions,
f.e., ASME Code Service Levels A and B, using the ASME Code criteria now in
preparation, The ASME code criteria now in preparation will require margins of
safety against fracture equivalent to those required by the regulations., Based
on a preliminary review of the licensee's analysis, 1t appears that the .
licensee's analysis satisfies the ASME code criteria for Service Levels A and. B
and provide margins of safety against fracture equivalent to thos. required by
Appendix G of the ASME Code. The licensee also performed a low USE analysis
for two of the PTS transients. The effects of Tow USE on crack arrest will
aisoc be considered in the PTS analysis being evaluated by the staff's
contractor,

V. CONCLUSION

In order to address several NRC concerns with respect to th: “equirement for

reactor vessel fracture toughness for pretection against rized thermal
shock events, the Yankee Rowe l{censee has provided an » of the
potential events leading to a challenge to the reactor That analysis

addressed both the probability of the initfating events as well as the
probability of a pre-existing crack propagating through the vesse! wall, The
Ticensee alsc estimated the 1ikelihood of challenges to the vessel from low
temperature overpressurization events. As discussed above, thers are a number
of areas in which the staff concludes that additional safety margin or con-
servatism in the analysis woulg be appropriate; and that additional information
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to fully resolve the areas of concern 1s needed in order to determine whether
longer term operation shoyld be authorized. Actions required of the licensee

during the next operating cycle are specified below. However, in the interim

the staff concludes that reasonable assurance of the public health and safety
s provided since the potential for reactor vesse! failure is very unlikely,

Vi,

FUTURE ACTIONS

In order for the licensee to demonstrate that longer term operation can be
carried out without undue risk to the public health and safety, the licensee
should provide the NRC, within 60 days after restart, a detailed plan of
action. The following elements should be included in the plan:

VI.1 Short Term (Completed within 3 months)

2.

3.

Peer review of YAEC 1735, "Reactor Pressure Yessel Evaluation Report for.
Yankee Nuclear Power Station.®

Revise fluence calculations,

.2 Long Term (Completed prior to Cycle 22 startup)

Cevelop fnspection methods for the belt)ine welds and each beltline plate
from the clad to 1 inch from the clad/steel interface to determine {f the
metal contains flaws,

Perform teets on typical Yankee Rowe base metal (0.18-0.20% Cu) to
determine the effect of irradiation (f = 1-51101’n/cl2). austenitizing
temperature (1650°F-1800°F) and nickel composition (0.18-0.7" percent) on
embrittlement at 500°F and 550°F {rradiation temperatures.

Determine composition of the circumferential weld metal in beltline by
removing samples from the weld.



In addition, the licensee should insta)) surveillance capsu!
irradiation positions., The capsules

€S in accelerated

are to include materials representing the

beltline circumferential weld metal and vpper and lower plates
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TABLE |
LICENSEE AND STAFF ESTIMATES OF REFERENCE TEMPERATURE ,

RT o1 FOR THE YNPS BELTLINE MATERIALS IN 1990

YNPS increase in Raf,
Beltline Unirradiated Temp. Resulting Ref. Temp.,

Material Ref. Temp. (°F) from Irrad, (°F) R?NDT‘" 1990 (°F)

Staff Licensee Staff Licensee Staff Licensee
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Weld 330370
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TABLE 2

COMPARISON OF REFERENCE TEMPERATURES ESTIMATED BY THE
STAFF AND VALUES USED BY THE LICENSEE IN ITS SENSITIVITY STUDY

MATERIAL

UPPER PLATE
LOWER PLATR
AXIAL WELD

CIRCUMFERENTIAL WELD

REFERENCE TEMPERATURE
ESTIMATED BY STAFF

27%

388

226

330-370

MEAN VALUE REFERENCE
TEMPERATURE USED IN
LICENSEE®™S SENSITIVITY
sTuoY

280 K
328
222
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Docket No, E0.029
(10 CFR Section 2.206)

Diane Curran, fse,

Harmon, Curran, Gallacher § Spielberg
2001 S Street, N.W.

suite 430

washington, D.C., 20009-1126

Dear Mg, Curran:

1 am writing to acknowledge receipt of the "Petition for Emergency Enforce.
ment Action and Request for Public Wesring" (Petition) submitted by you on
behalf of the Union of Concerned Scientists end the New England Coalition on
Nuclear Polluticr (Fetitioners). On June &, 1991, the Petition was submitted
directly tc the Commissioners of the U, S, Nuclear Regulatory Commission
(NRC). The Petition was filed in accordance with Section 2.206 of Title 10 of
the Code of Federal Regulations (10 CFR 2,206) and thus should have been f1iled
with the Executive Director for Cperations, However, the Petit iyner, ceek
relief directly from the Commissiorers because they believe .nat the NRC staff
has failed to properly execute ts responsibilities in th‘, matter in
permittinc the Yankee Rowe Nuclear Power Station to continue to operate
through Cycle 21 (approximately February 1962), The Petition has been
referred to me for treatment under 10 CFR 2,206,

The Petition seeks the irmediate shutdown of the Yankee Powe facility of tne
Yankee Atomic Electric Company (licensee) bate¢ upon allegations that the
Yankee Rowe facility is operating in viclation of NRC requirements for reactor
pressure vesse' integrity and that the NRC staff's Safety Assessment of August 30,
1990, contains a number of deficiencies. The Petitioners argue these reasons
prove that the continued operation of the Yankee Rowe facility poses & serious
threat to public health and safety. The Petitioners further request that the
Yankee Rowe facility remain shut dowr until it complies with regulatory
requiremerts and that the Commission provide a public hearing, witn rights of
discovery and cross-examination, to determine the regulatory compliance before
permitting the facility to resume operation,

, The Petitioners allege specifically that the Yankee Rowe reactor pressure

| vesse! failed to meet NRC requirements, The Petitioners argue that the Yankee
| Rowe facility does not comply with the requirements in 10 CFR 50.61 regarding
refc « ce temperature for reactor vesse)! materia), the recuirements in
Appes .« G to 10 CFR Part 50 regarding fracture toughness anc the require-
ments in Appencdix H to 10 CFR Part 50 regarding a surveillance program for
reactor vessel material,
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on lu?ust 31, 199C, the NRC staff fssued 1ts "Safety Assessment of Yankee Fowe
Vesse!" (Safety Assessment) concluding that the Yankee Rowe facility could
operate safely through Cycle 21, The Petitioners make specific 2)legations
that the NRC staff's Safety Assessment fs deficient, The Petitioners argue
that the Safety Assessment cortains errors and insufficient information in the
assumptions ynderlying the calculations regarding the amount of neutron
frradiation absorbed by the reactor vessel, the temperature of the meta) during
the time 1t fs exposed to neutron frradiation and the chemical composition of
the metal, In agaition, the Petitioners argue that the Safety Assessment g
incorsistent with the NRC policy on Safety Goa's and that it failed to take
into account the explicit recommendation of an NRC staff expert on reactor
pressure vesse! integrity that the Yankee Rowe facility not be permitted to
operate,

The Petition presents no new information in regard to the integrity of the
reactor vecsel at the Yankee Powe facility, The Petition expresses disagree-
ment with the NFC staf®'s conclusions reached in the Safety Assessment that
the Yankee Powe facility was safe to operate through Cycle 2. The NRC staff
has reviewec the Petition anc ras found no new informatior that would cal)
inte question the conclusions reached in its Safety Pscessment., 1In making the
Sefety Assessment, the staff considered the views of NRC staff expert

Dr. Farcal) as did the Advisory Committee on Peactor Safeguards (ACRS) which
reforted fevorably regerding continued operation of the Yankee Powe facility,
(fee Tetter of September 12, 1950, from ACRS, Enclosure 1.) The assertion that
continued cperation of Yankee Powe constitutes a serious threat to the public
health and safety because of the six alleged violations of NRC requirements is
without merit for the following reasons.

The Petiticn irdicates that the reference temperatures for the upper plate,
the Tower plate, ard the circumferential weld exceed the screening criterie
for pressurized thermal shock (PTS) in 10 CFR 60.61(b)(2). The licensee, as
gocumented 1n Report YAEC “c. 1738, July 1980, reports that the reference
terperatures are below the PTS screening criterion, However, the NRC sta¢f
believes the PTS screening criterior ray have been exceeded. That belief is
based on conservatively considering the uncertainties associated with weld
chemistry, irradiation temperature, crain size effects and flaw distribution as
noted in the NFC staff Safety Pssessment transmitted to the licensee by the
letter of August 31, 198C., 10 CFZ 50.€1 does not require shutdown if the PTS
screenirg criterion is exceeded. The NPC may, as specified in 10 CFC 60.6)
(b)(8), on & case-by-case basis, approve operation of the facility at values
of reference temperatures in excess of the PTS screening criterion, The rule
recuires the staff consider factors sign1f1cnnt1{ affecting the potential for
failire of the reactor vesse! including the resuts of a probabilistic fracture
mechanics analysis in reaching a decision to approve operation. The NRC staff
also believes that the reference temperatures for axia) welds in the upper and
lower plates may 21sc exceed the PTS screening criteria, as indicated in the
October 9, 1930, memorandum to ACRS (Enclosure 2), The NRC staff requested
the Yicensee to perform a protabilistic fracture mechanics analysis using
corservative values of reference temperatures for PTS specified by the



Diane Curran, [sc. «3.

staff,  Those reference temperatures exceed the screening criterion, The NRC
staff reviewed the results from the probabilistic fracture mechanics analysis
and considered the uncertainties resulting from low upper-shelf energy (USE)

of the vesse) materials, the Yack of belt'ire inspection, and the reactor
vessel's unicue spot-welded cladding. Therefore, the NRC staff Judged 1t to be
prudent to assume the conditional probability of reactor pressure vessel failyre
to be in the range of 10E.] to 10E-2 and the estimated frecuency of the 1imiting
PTS transient to be 10E-2 per reactor year, Based on this assessment the NRC
staff authorized the icensee to operate the Yankee Rowe reactor vesse) unti)
the end of fuel Cycle 21.

The Petition indicates that the Yankee Powe vesse’ upper plate is below the
reculatory requirements for Charpy USE in 10 CFR Part €0, Appendix G, Section
IV.A. 1, However, Appendix G alsoc incicates (1) that resctor vessels may be
operatec at Tower values of Charpy USE, 1f operation is approved by the
Cirector, Office of Nuclear Reactor Peculation, and (2) that lower values of
Charpy USE provide margins of safety againet ‘racture that are equivalent to
those recuirec by Appendix G of the ASME Code. The licersee proviced a
fracture mechanics analysis in Report YAEC No. 1726, July 1990, to demonstrate
that the Yankee Rowe reactor vesse) wou'ld have ecuivalent margins of fracture
toughness to those required by Appercdix G of the ASME Code with a Charpy USE
of 35 footepourds. 1In fts August 31, 1990, Safety Assessments, the NRC staff
reviewed the licensee's aralysis and approved the operation of the Yankee Rowe
reactor vessel at levels of Charpy USE less tharn the limits in Section

IV.R,1, of Bppendix G to 10 CFR Part S0,

The Petition s1leges that the NRC staff's Safety Assessment ¢i¢ mnot consider

the revised neutron fluence estimates, the vessel operatin temperature, and

the vesse] composition, The licensee revised 1ts neutron fluence estimates in
‘etters of September 28, 1990, and February 20, 1991, The NRC staff evaluated

tre reutron “uerce estimates reportec in the September 28, 199C, letter and
cocumerted its findings in the October 9, 1930, memorandum to Acés (Enclosure

2). The peak reutron fluence estimates ‘or the end of the current cycle (Cycle 2%)
reported n the licensee's February 20, 1981, letter are less than the values
reperted ‘r 1ts September 28, 1990, letter. HKerce, the conclusions .. the

October 9, 199C, NKRC staff memorandum 2pply to the end of the current fue!

tycle. In preparing the Safety Assessment of August 31, 189C, the NRC staff
considered the effect of the reactor operating temperature and the uncertainty

in vesse) composition that are discussed in the Petition, To account for the

Tow cperating temperature and the uncertainty in the vesse) composition, the

NRC staff increased the reference temperatures for the materials. These rererence
temperatures were evaluated as discussed herein,

The Petition alleges that the NRC staff dig not consider that the beltlire weld

had not been inspected, had not received fracture toughness data from the licensee,
and had not reviewed the licensee's analysis, The NRC staff was aware that the
licensee has not volumetrically examined the beltline welds in the Ya'ikee Rowe
resctor vessel since the plent began operating, Therefore, the NRC staff in

its probabilistic risk assessment assumed that flaws existed in the reactor

vessel plates and beltline welds in order to account for the uncertainty
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resulting from the lack of volumetric examination, In Report YAEC No, 1736,
July 1990, the licensee proviced fracture toughness data and an analysis to
cemonstrate equivalent marging to Apperdis G 2t noted herein. The NRC staff
reviewec the data and analysis and provided its Safety Assessment in the
letter of August 31, 1990,

The Petition acserts that .ne NRC staff's decision to allow the licensee to
continue to operate Yankee Rowe 1§ “flatly inconsistent with the Commissior's
‘Safety Goal' Policy that the risk of a severe accident should be kept to less
than one chance in a million," Tre Petition indicates that this conclusion i¢
based on the NRC staff's own calculation that the risk of pressure vesse)
rupture 15 between Sx10£<% and Sx10C-6 and 1s thus ?roator than the Commission's
arge release guidance of 1x10E-€ per reactor year (that 1s, one in a million
reactor years,, The Safety Goa) is not, and was never intended to be, 2
measure ©f acequate protectior of public health and safety, Rather, the
Safety Goal 15 a higher leve! of safety that the Commission believes the
industry should strive to achieve. The Commission's Policy Statement on
Safety Goals states the foilowing:

Current reguletory practices are believed to ensure that the basic
statutory requirement. adecuate protection of the public, is met.

The Folicy staterent further states the ¢o)lowing:

This statement of NRC sefety polity expresses the Commission's
views ¢n the Teve) ¢f risks to public health and safety that the
industry should strive for in its nuclear power plants,

The NRC staff's cecistions regarding plant cperation are based upon adequate
protection of the public health and safety, not the Commission's Safety Goa)
Policy.

The Petition indicates that Yankee Rowe does not have 2 surveillance program

és required by 1C CFR Part €0, Appendix K, and has not had its vesse) ultrason-
fcally inspected. The licensee discusted 1ts surveillance and ultrasonic
irspection program in %eport YAEC No, 1735, July 1990, The licensee and the

NRC staff used the data from the icensee's surveilance program to assess the
intecrity of the Yankee Rowe reactor vessel, The beltline welds in the Yankee
Rowe reactor vesse) were volumetrically examined by radiography as a part of

its fabrication quality control, A1) flaws detected that exceeded the acceptance
Criteria were removed and repaired. Although the licensee has not ultrasonically
examined *he beltline welds since the plant has been in service, it has examined
cther similer welds and observed no unacceptable indications. However to account
for the uncertainty that flaws might be present, the NRC staff, in its probabil-
fstic risk ascessment, assumed that flaws existed in the reactor vesse) plates
and beltline welds.

The Petitioners make the legal argument that compliance with NRC requirements
fs necessary to ensure that the Yankee Rowe facility operates safely.
Mowever, the failure to comply with a particular NRC requirement does not
necessarily mean that there 15 no longer reasonable assurance of adequate
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protection of the public health and safety, particularly when the NRC staff nas
evaluated the area of alleged noncompliance and found that it does not pose an
UPCLE risk to the public health and safety. The NRC staff has evaluated the
Yankee Fowe reactor vesse) 1ssues carefully and has concluded that the vesse)
condition continues to provide adequate protection of the public health ang
safety. Ir summary, the Petitioner's assertion that the alleged violations
warrant immeciate action to shut cdown Yankee Pawe 1§ without merit,

tcccreinﬁ‘y. Petitioners request for emergency relfef is denied. As required
by 10 JFR 2,206, the NRC wil) address the specific 1ssues raised in the
Petitior within a reasonable time. Enclosure 2 i¢ a copy of the Notice that
s being filed with the 0ffice of the Federa) Register for publication,

Sincerely,

%m p

3 Mc«\
Thomas €. Murley, Cirector ‘:;-é
Office of Nuclear Reactor Regulation

Erclosures:
1. Letter t¢ k. M, Carr “n the ACRS, 10/9/90
2. Memo to Committee on Reactor
Safeguards, 10/0%/8C
2. Pelated Federal Register Notice.

€¢: Mr, George Paparic, Jr.
Dr. Andrew (., ¥adak
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September 12, 19%0

The Honcrable Kenneth M. Carr

Chairman
U.S. Nuclear Regulatory Commission
wWashingten, D.C. 0885

Dear Chairman Carr:

SUBJECT: YANKEE ROWE REACTOR PRESSURE VESSEL INTEGRITY

During the 3165th meetinyg of the Advisory Committee on Reactor
Safeguards, Septenmber 6-7, 1950, we discussed the degree and
consequences of the Yankee Rowe ri actoer presaure vessel
erfrittliement due to neutron irradiation. Our Subcommittee on
Materials and Metallurgy discussed this matter with representatives
©f the NRC staff and the Yankee Atomic Electric Company during a

meeting on September 5, 1%%0. we also had the benefit of the
documents referenrced.

it has recently ceocre to the staff's attention that the reference
terperature nil ductility transition (RTypy) ©f parts of the Yankee
Rcwe pressure vessel ray substantially exceed the tenmperature
limits for action delineated in the pressurized thermal shock (PTS)
rule (10 CFR 50.61). The main reason is that the Yankee Rowve core
inlet terperature is about SC°F lower than that of other plants.
Ancther reascn is the higher nickel content of the lover vessel
plate. These increase the ra%e of rise in RTypy Witn fast neutron
irradiation,

The exact value of RT,,, for the vessel is uncertain because of:

e Uncertainty in the copper and nickel content of the
circumferential weld near the reactor vessel beltline.

¢ The absence of surveillance data for areas that appear to have
the largest shift in RTypy: Namely the circumferential veld and
the lower plate of the vessel.

Assurance of vessel integrity is further hindered by:

¢ The absence of any inservice inspection for flaws in the
reactor vessel beltline region. Such inspection has been
infeasible due to the design of the vessel internals.

¢ Relatively low toughness (low upper shelf energy) of the plate
and wvelds near the core.

. :4ﬁ!ulmﬁm“'i-
‘-—q__ﬂl'f-f?
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However, the above will not adequately address the long-term
Cperation of the plant. This is the lead PWR plant in the
industry's Plant Life Extension (PLEX) program, and long-term
operation with such Jlarge uncertainties in vessel integrity is
unacceptable, The extended operation of this plant voulx be
acceptable only if:

* A state-cf~the-art uyltrasonic inspection can be done on
essentially all of the radiation affected inner surface of
Feactor pressure vessel, e¢.g., one that complies with Appendices
VII and VIII of Secticn X1 of the ASME Code. This inspectioen
should also check for significant thinning in the lover ::ld as
& result of loose parts (irradiation capsules). Continued

opuraticn would be dependent on the absence of significant
clavs,

® A reanalysis of the PTS question is made using well established
Corpositions for the material in the beltline region, or using
limiting values of copper and nickel. This analysis should also
include the fact that the crack arresting ability of such
material will be lower thar rore modern steel because of its low
UPper shelf energy. Such an analysis must show aCCeptable risk.

Sincerely,

Y P

Carlyle Michelson
Chairman

References:

1. Letter dated July S, 1990 from Jehn D. Haseltine, Yenkee Atomic
Electric Company, to Richard Wessman, NRR, transmitting Reactor
Fressure Vessel Evaluation, dated July 9, 19%0

2. Letter dated August 31, 1950 from Thomas E. Murley, NRR, to
Andrew C. Kadak, Yankee Atomic Electric Company, Subject:
Yankee Rowe Reactor Vessel, with Enclosure



